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(57) [Abstract] 

[Objects of the Invention] Purification processing is performed to the granular 
silicon raw material containing an impurity, and the granular silicon raw material of a 
high grade is obtained. 

[Elements of the Invention] In the tubed container 1 with which silicon 2 with a 
particle size of 0.1 micrometers or more was held, the dissolution processing liquid 4 
which can dissolve both silicon and silicon dioxide is introduced. After washing by 
performing discharge of dissolution processing liquid, and installation of a penetrant 
remover, performing dissolution washing processing for all the held granular silicon 
as an immersion condition substantially, and maintaining an immersion condition 
substantially subsequently, by drying granular silicon In the condition of having held 
in the tubed container, purification processing is carried out and granular silicon is 
manufactured. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the tubed container with which granular silicon with a particle size of 0.1 
micrometers or more was held, the dissolution processing liquid which can dissolve 
both silicon and silicon dioxide is introduced. The manufacture approach of the 
granular silicon raw material characterized by drying granular silicon after performing 
dissolution washing processing for all the held granular silicon as an immersion 
condition substantially and washing by performing discharge of dissolution 



* + 



processing liquid, and installation of a penetrant remover, maintaining an immersion 
condition substantially subsequently. 

[Claim 2] The manufacture approach of the granular silicon raw material 
characterized by performing processing into which an oxide film is grown up on the 
front face of granular silicon into a tubed container before dissolution washing 
processing in the manufacture approach of a granular silicon raw material according 
to claim 1. 

[Claim 3] The manufacture approach of the granular silicon raw material 
characterized by introducing hydrogen chloride gas in a tubed container, and 
performing dry-cleaning processing before dissolution washing processing in the 
manufacture approach of a granular silicon raw material according to claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the 
granular polycrystal (Pori) silicon used as a granular silicon raw material, especially a 
raw material in the Czochrlski method (the following, CZ process) applied to 
manufacture of the silicon wafer for semiconductor devices. 
[0002] 

[Description of the Prior Art] The manufacture by the CZ process of a silicon single 
crystal fills up a crucible with massive polish recon for [ of an ingot / every ], carries 
out heating fusion of the massive polish recon at a carbon heater etc., and is 
performed by pulling up dipping seed crystal in this melt and rotating it. 
[0003] However, the massive polish recon with which a crucible is filled up at once 
becomes abundant with the diameter of macrostomia of a single crystal ingot, and 
huge-izing, in order to avoid that a crucible etc. is enlarged, granular polish recon 
with a particle size of 0.2-3mm is continuously supplied to a crucible in recent years, 



and to pull up a large-sized single crystal ingot is tried. 

[0004] Generally such a granular polish recon raw material is manufactured by the 
fluid bed reacting method. However the silicon single crystal ingot manufactured 
using such a polish recon raw material since the granular polish recon raw material 
manufactured by such conventional manufacture approach had many impurities, 
such as dust which adhered on the front face, impurities in the natural oxidation film 
spontaneously generated on a raw material front face, impurities that exist in the 
interior of a raw material had many with which practical use cannot be presented 
since there are many crystal defects. Therefore, the granular polish recon raw 
material used as a raw material tended to be paid to containers, such as a beaker 
and a bucket, acids, such as fluoric acid, tended to be put in and stirred, and it was 
going to remove the impurity of the front face. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in such conventional 
processing, the improvement in the purity of a granular polish recon raw material 
was what is hardly seen. Therefore, the granular silicon raw material of the high 
grade as a manufacture raw material of a silicon single crystal ingot without a defect 
was called for. 

[0006] Then, this invention aims at offer of the manufacture approach of a granular 
silicon raw material that purification processing can be performed to the granular 
silicon raw material containing an impurity, and the granular silicon raw material of a 
high grade can be obtained. 
[0007] 

[Means for Solving the Problem] The solution means of the technical problem 
offered by this invention introduces the dissolution processing liquid which can 
dissolve both silicon and silicon dioxide in the tubed container with which granular 
silicon with a particle size of 0.1 micrometers or more was held. After performing 
dissolution washing processing for all the held granular silicon as an immersion 
condition substantially and washing by performing discharge of dissolution 
processing liquid, and installation of a penetrant remover, maintaining an immersion 
condition substantially subsequently, it is the manufacture approach of the granular 
silicon raw material characterized by drying granular silicon. 
[0008] moreover, the manufacture approach of the granular silicon raw material 
characterized by other solution means of the technical problem offered by this 
invention performing processing into which an oxide film is grown up on the front 
face of granular silicon into a tubed container before dissolution washing processing 
in the manufacture approach of said granular silicon raw material — it comes out. 
[0009] moreover, in the manufacture approach of said granular silicon raw material, 
before dissolution washing processing, other solution means are the manufacture 
approaches of the granular silicon raw material characterized by introducing 
hydrogen chloride gas and performing dry-cleaning processing, and come out in a 
tubed container at the pan offered by this invention. 



[0010] In this invention, it considers as the solution which can dissolve both silicon 
used for dissolution washing processing, and silicon dioxide, and the solution of acid 
systems, such as a water solution (HF+HN03+H20) of the mixture of fluoric acid 
and a nitric acid or a thing (HF+HN03+H2 O+HCI) which added the hydrochloric acid 
further, is used preferably. 

[001 1] Moreover, it is desirable from the field of improvement in defecation and 
throughput nature to be carried out by introducing inert gas or the defecated air in a 
tubed container on the occasion of desiccation of a granular silicon raw material. As 
these gases for desiccation, the nitrogen gas of a high grade is desirable from the 
point of not growing up an oxide film unnecessary for the point and silicon raw 
material front face of purity. These gases for desiccation can be heated if needed, 
before installation into a container, and thereby, they can aim at compaction of the 
drying time. 
[0012] 

[Function] In the above-mentioned means, in the condition of having held in the 
tubed container, purification processing is carried out and the granular silicon raw 
material of a high grade is manufactured. As for a tubed container, being sealed 
substantially is desirable. By sealing, the contamination by the dust in air or 
formation of the oxide film containing the impurity by the oxygen in air can be 
prevented. Moreover, in performing gas washing processing by hydrogen chloride gas, 
it is necessary to seal. 

[0013] by making substantially into an immersion condition the granular silicon raw 
material which introduced and held the dissolution processing liquid which can 
dissolve both silicon and silicon dioxide into the tubed container which contained the 
silicon raw material, some bodies of silicon under the natural-oxidation film of a 
silicon raw material front face and an oxide film were dissolved, and it has adhere to 
the silicon raw material — it is — it is — the impurity contain removes. 
Subsequently, installation into discharge out of the tubed container of dissolution 
processing liquid and the container of a penetrant remover is performed, maintaining 
the immersion condition of a silicon raw material substantially. Thereby, discharge 
out of the container of the impurity eluted in dissolution processing liquid is 
performed. This is attained by performing installation and discharge of a penetrant 
remover to extent which can prevent that an impurity carries out the reattachment 
to the processed silicon raw material. 

[0014] An important thing is not exposing substantially the silicon raw material which 
will be processed by the time the liquid in a container is permuted by extent which 
can prevent the reattachment of a dissolution impurity by the penetrant remover, 
after starting discharge of dissolution processing liquid, or installation of a penetrant 
remover to air (ambient atmosphere in a container) here. If a silicon raw material is 
exposed to air, the natural oxidation film will be formed. The impurity eluted in the 
solution by dissolution washing processing with much trouble will be incorporated in 
said natural oxidation film, and it becomes impossible then, to manufacture the 



silicon raw material of a high grade. Even if it permutes the ambient atmosphere in a 
container by the non-oxidizing atmosphere, in case it is exposed to an ambient 
atmosphere and dries, the reattachment of an impurity arises similarly, and it 
becomes impossible to manufacture the silicon raw material of a high grade. 
[0015] Oxide-film growth processing may be performed to the front face of a silicon 
raw material granular before installation of dissolution processing liquid. Thereby, the 
trap of the impurity which exists in a silicon raw material particle is carried out into 
the oxide film which formed and grew by the above-mentioned oxide-film growth 
processing. By removing this oxide film by dissolution washing processing, not only a 
front face but the impurity which exists in the interior of a silicon raw material 
particle can be removed thru/or reduced. Growth processing of an oxide film can be 
performed by introducing the gas containing the heated clean air and the oxygen 
heated preferably in a tubed container. 

[0016] Moreover, impurities, such as Fe, Cr, etc. which are contained in a silicon raw 
material, are removable by introducing hydrogen chloride gas in a tubed container, 
and performing dry-cleaning processing before installation of dissolution processing 
liquid. 

[0017] Although what is necessary is just to perform oxide-film growth processing 
and dry-cleaning processing if needed, it is possible by performing both to 
manufacture the silicon raw material of a high grade more. 

[0018] Si plate as for which could use the heating apparatus formed in the exterior 
of a tubed container as a means to heat the gas introduced in case it dries after 
growth processing of an oxide film, dry-cleaning processing, or washing, or two or 
more holes were vacant in the upper part of a tubed container is held, and this Si 
plate is made to generate heat by high-frequency heating, and you may make it heat 
the gas introduced. 

[0019] As a suitable tubed container to carry out this invention, the thing of a 
column configuration which has a positive crankcase ventilation valve for a gas or 
liquid discharge is used for a container pars basilaris ossis occipitalis. Discharge of 
the raw gas in oxide-film growth processing or dry-cleaning processing can also use 
this exhaust port. 

[0020] Moreover, although it is the thing of the quality of the material which is not 
invaded by dissolution processing liquid as the quality of the material of a tubed 
container and what can prevent the contamination from a container is good, if cost, 
the ease of carrying out of achievement of high-grade-izing, etc. are taken into 
consideration, a quartz, Teflon, SiC, Si3 N4, Si, or the thing that consists of Si 
sinking [ SiC ] in will be used. 

[0021] Dissolution processing liquid or a penetrant remover may process by making 
it pile up in a tubed container, or adjusts the discharge and the amount of supply of 
a solution from a container pars basilaris ossis occipitalis, and you may make it 
maintain the immersion condition of a silicon raw material on the occasion of 
dissolution washing processing or washing processing of this invention. Moreover, 



the column which has an exhaust port with a bulb is used for a container pars 
basilaris ossis occipitalis as an approach of performing discharge of dissolution 
processing liquid, and installation of a penetrant remover, maintaining an immersion 
condition substantially, and the approach of adjusting the aperture of a bulb and 
discharging dissolution processing liquid is used, introducing a penetrant remover. 
[0022] In this invention, final washing is completed, in case the back silicon raw 
material with which the penetrant remover was discharged is exposed to air, it is 
unavoidable that the natural oxidation film is naturally formed, but since the ambient 
atmosphere is defecated by the penetrant remover, incorporation of an impurity can 
be made into the minimum. 
[0023] 

[Example] Hereafter, the example of this invention is explained with reference to a 
drawing. Drawing 1 is the outline block diagram of the purification equipment with 
which implementation of the manufacture approach of the granular silicon raw 
material of one example of this invention was presented. 

[0024] an example 1 — the 10g granular polish recon 2 (particle size of 0.2-1. 5mm) 
was first held in the column 1 (the bore of 40mm f die length of 160mm, 200ml of 
content volume) which consists of quartz glass of a high grade. The dissolution 
processing liquid 4 of the fluoric acid system of the requirements (100ml) supplied 
through a conduit 3 is poured in from the upper part of a column 1 . the liquid from 
the acid solution tank which is not illustrated using the solution of a fluoric acid 
system as dissolution processing liquid — After adjusting so that the positive 
crankcase ventilation valve 5 of the lower part of a column 1 may be opened and the 
dissolution processing liquid 4 of a fluoric acid system may be discharged by the 
duration (for 10 minutes), and carrying out dissolution washing processing, the 
above-mentioned liquid from the demineralised water tank which is not illustrated — 
the pure water (penetrant remover) of the requirements (100ml) supplied through a 
conduit 3 was poured in from the upper part of a column 1, and backwashing by 
water of all the pure water was discharged and carried out, having applied the 
duration (for 10 minutes). 

[0025] Before the dissolution processing liquid 4 of a fluoric acid system reached 
between the switches to backwashing by water from this dissolution washing at the 
polish recon layer so that the upper part of the granular polish recon 2 might not 
touch air, impregnation of pure water was started. 

[0026] subsequently, the gas from the gas holder which is not illustrated while 
discharging wash water — it supplies through a conduit 6 — having — and a gas 
the gas filter 7 and heating apparatus 8 which were infixed in the conduit 6 — dust 
removing and N2 heated (120 degrees C) Gas was introduced from the upper part of 
a column 1, and the granular polish recon 2 was dried. 

[0027] A dissolution processing liquid presentation is changed as shown in Table 1, 
and the amount of the impurity contained in the granular polish recon obtained by 
the manufacture approach of the above-mentioned granular silicon raw material 



came to be shown in Table 1 which writes it of the granular polish recon before 

purification together. 

[0028] 

[Table 1] 





A 1 


F e 


N i 


C r 


Cu 


HF:HN03:H20:HC1 










(ppb) 


1: 0: 99 


<0. 1 


2. 1 


1.8 


0.3 


<0. 1 


1: 5: 94 


0.2 


3. 1 


2.3 


0.6 


<0. 1 


10: 0: 90 


0. 2 


1.9 


1. 9 


0.4 


<0. 1 


10: 10: 70: 10 


<0. 1 


5.5 


3.6 


1.3 


<0. 1 


M <t Itj 


0.2 


7.7 


7. 0 


1.6 


<0. 1 



h f ^mtimmm 5 0 % 
hno 3 m+mytm 6 %% 

h c 1 " 3 8 % 



[0029] Therefore, as compared with purification before, it turns out that an impurity, 
especially Fe and nickel can be decreased sharply. 

[0030] Moreover, when granular polish recon 5g after purification processing was put 
in into 100ml of pure water and the suspended particle 2.0 micrometers or more was 
measured at the particle counter in liquid, it became seven pieces and it turned out 
sharply to it of the granular polish recon before processing being 1000 pieces that 
dust can be decreased. 

[0031] On the occasion of the switch to backwashing by water from dissolution 
washing in example of comparison 1 example 1, once discharging all dissolution 
processing liquid out of a tubed container, the procedure of an example 1 was 
repeated except for having poured in pure water. In this example 1 of a comparison, 
granular polish recon was exposed to air between the switches to backwashing by 
water from dissolution washing. 

[0032] The presentation of dissolution processing liquid was changed as shown in 
Table 2, and the amount of the impurity contained in the obtained granular polish 
recon raw material was shown in Table 2. 
[0033] 
[Table 2] 





A 1 


F e 


N i 


C r 


C u 


HF:HN03:H20 










(ppb) 


1: 0: 99 


2.6 


3.4 


6.3 


0.7 


<0. 1 


1: 5: 94 


2.5 


2.5 


5.6 


0. 6 


<0. 1 


1: 10: 89 


1.6 


3.7 


7.0 


0. 9 


<0. 1 


L: 20: 79 


4.2 


19 


7.3 


2. 0 


<0. 1 


M it m 


0. 3 


4.5 


4.4 


1. 9 


<0. 1 



h f ^mw^mm 5 0 % 

HNO 3 BTF(ft#ffl 6 8% 

[0034] that by which the purity of the used granular polish recon raw material was 
used for the example 1 — comparing — Fe and nickel — it is high if it is. Compared 
with an example 1, it turns out that the purity of the processed granular silicon raw 
material is bad in spite of it. And it turns out that the impurity contained depending 
on [ before / processing ] the presentation of dissolution processing liquid is 
increasing. This is considered TORABBU [ the impurity contained in a reagent / the 
silicon particle ] conversely. 

[0035] Moreover, since it is in the environment opened also to the impurity 
contained in the dust which floats in air in addition to touching air like the example 1 
of a comparison also in the approach using the bucket and beaker in the former, 
improvement in purity is not expectable. 

[0036] an example 2 — in the column 1 which consists of quartz glass of a high 
grade like an example 1 first After being filled up with the 10g granular polish recon 2, 
while heating porous Si disk (not shown) kept in the upper part in a column 1 in 
temperature of 600-1000 degrees C by high-frequency heating the gas from the gas 
holder which does not open and illustrate a positive crankcase ventilation valve 5 — 
pass the gas filter 7 of a conduit 6 — the inert gas containing the clean air or 
oxygen by which dust removing was carried out It introduced through the above- 
mentioned Si disk from the upper part of a column 1, oxide-film growth processing 
was beforehand performed to the front face of a granular polish recon particle, and 
the oxide film of necessary thickness was formed in the front face of a granular 
polish recon particle. 

[0037] The dissolution processing liquid 4 of the fluoric acid system of the 
requirements (100ml) supplied through a conduit 3 is poured in from the upper part 
of a column 1. subsequently, the liquid from the acid solution tank which is not 
illustrated — After adjusting the volume modulating valve 5 of a column 1 and 
carrying out dissolution washing so that it may discharge by the duration (for 80 



minutes), The pure water (penetrant remover) of the requirements (100m!) supplied 
through a conduit 3 is poured in from the upper part of a column 1 . the liquid from 
the demineralised water tank which is not illustrated so that the granular polish 
recon 2 cannot touch air — Backwashing by water of the positive crankcase 
ventilation valve 5 was adjusted and carried out so that it might discharge by the 
duration (for 50 minutes) after discharge of dissolution processing liquid 4. 
[0038] the gas from the gas holder which finally is not illustrated while discharging 
wash water — it supplies through a conduit 6 — having — and a gas — with the 
gas filter 7 and heating apparatus 8 which were infixed in the conduit 6, inert gas or 
clean air, such as dust removing and N2 heated (120 degrees C), and Ar, were 
introduced from the upper part of a column 1, and the granular polish recon 2 was 
dried. 

[0039] The amount of the impurity contained in the granular polish recon obtained 
by this purification art came to be shown in Table 3 which writes together it of the 
granular polish recon obtained by the approach of an example 1. 
[0040] 

[Table 3] 





A 1 


F e 


N i 


C r 


C u 












(ppb) 


mmm i 


<o. 1 


2. 1 


1.8 


0.3 


<0. 1 


mmm 2 


<0. 1 


1. 7 


1. 3 


0. 2 


<0. 1 


& <t itj 


0.2 


7.7 


7.0 


1.6 


<0. 1 



[0041] Therefore, since the trap of the impurity in a particle is carried out into an 
oxide film by forming an oxide film in the front face of a granular polish recon 
particle before dissolution washing, it turns out that purity can be raised further. 
[0042] In addition, in each above-mentioned example, although the case where a 
column was made into the product made from quartz glass was explained, it is not 
limited to this, and even if it used the Teflon which is not used as the dissolution 
processing liquid of a fluoric acid system in **, SiC, Si3 N4, and the thing that 
consists of Si sinking [ SiC ] in, the same effectiveness was acquired. 
[0043] 

[Effect of the Invention] Since according to the manufacture approach of the 
granular silicon raw material of this invention purification processing is carried out 
and a granular silicon raw material is manufactured in the condition of having held in 
the tubed container, as explained above, while the opportunity of contamination 
decreases and being able to obtain the thing of a high grade, a lot of processing can 
be performed comparatively easily, and skill is unnecessary to actuation, and 
automation is possible possible. Moreover, since the trap of the impurity in a particle 



is carried out into an oxide film by performing oxide-film growth processing before 
dissolution washing processing, purity can be raised further. Furthermore, impurities, 
such as Fe, Cr, etc. which are contained in a silicon raw material, are removable by 
performing dry-cleaning processing before dissolution washing processing. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the purification equipment with which 
implementation of the manufacture approach of the granular silicon raw material of 
one example of this invention was presented. 
[Description of Notations] 

1 Column (Tubed Container) 

2 Granular Polish Recon 

3 Liquid — Conduit 

4 Dissolution Processing Liquid 

5 Positive Crankcase Ventilation Valve 

6 Gas — Conduit 

7 Gas Filter 

8 Heating Apparatus 
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